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16. Abstract 
This repor t  contains 'the r e s u l t s  of an analysis  of f i lm and transducer records 
from a s e r i e s  of impact t e s t s  on h u m a n  volunteers conducted by the 6571st Aero- 
medical Research Laboratories a t  Holloman Air Force Base, New Mexico. The purpose 
o f  the t e s t  program was t o  compare lap  be1 t versus lap  be1 t plus a i r  cushion 
r e s t r a i n t  systems. The analyses indicated t h a t  the  lap be l t  plus a rapidly in- 
f l a t e d  a i r  cushion performed s ign i f i can t ly  be t t e r  than the lap  b e l t  alone by re- 
ducing head motion, 1 inear  head accelerat ion,  shoulder motion and resul t a n t  neck 
and head in jury .  

INTRODUCTION 
This report  contains the r e su l t s  of an analysis  of film and transducer records 
from a se r i e s  of impact t e s t s  on human volunteers conducted by the 6571st Aero- 
medical Research Laboratory a t  Hol loman Air Force Base, New Mexico. The purpose 
of the t e s t  program was t o  compare and evaluate l ap  be1 t versus lap  be1 t plus a i r  
cushion r e s t r a i n t s .  Par t icular  reference should be given t o  the f ina l  report on 
the t e s t  program e n t i t l e d  "Department of Transportation Daisy Track Human Toler- 
ance Tests ,"  by Charles D .  Bendixen, Capt., USAF. The following descript ion of 
the  t e s t  method has been abstracted from tha t  report .  
TEST METHODS 
Six male human volunteers were subjected t o  increasingly severe impacts in 
each of the two r e s t r a i n t  configurations being compared unt i l  in the sub jec t ' s  
( subjec t ive  tolerance) or the  medical monitor 's opinion the  t e s t ing  should be 
terminated. Testing with the other r e s t r a i n t  was t o  be continued unt i l  a sim- 
i l a r  level was reached. 
The volunteers were seated on the Daisy Decelerator impact s led using each 
of the r e s t r a i n t  systems being tes ted .  The sea t  used on the s led  during a l l  of 
these t e s t s  was one designed f o r  other  A R L  human impact t e s t s  and contained in- 
strumentation capable of measuring a l l  forces transmitted to  i t  by the subject 
during impact. The sea t  pan was horizontal and the sea t  back was angled back- 
wards 13" from v e r t i c a l .  (See Figure 3 ) .  All t e s t s  were conducted with a 0-0-0 
sea t  or ienta t ion .  I 
The Type I lap  be l t  r e s t r a i n t  used consisted of a 1 314 inch-wide webbed 
dacron be l t  rated a t  6000 lbs .  The be l t  angle a t  i t s  a t tach  point approximated 
50" to  the horizontal a t  the i n i t i a t i o n  of the run. 
In order t o  assure tha t  a subject  would not contact  the r i g i d  airbag sup- 
porting s t ruc tu re  and simulated windshield in the event of an airbag f a i l u r e  
during impact, t h i s  s t ruc tu re  was mounted so as t o  provide a 6-inch clearance 
from the maximum excursion envelope of the s u b j e c t ' s  head. This necessi tated 
use of a bag of l a rge r  dimensions than would be found in a standard automobile. 
The airbag was enlarged enough t o  f i l l  the space between the subject  and simu- 
la ted  windshield s t ruc tu re .  The change in bag volume a1 so necessi tated 1 arger  
blow-out ports  to  allow the increased volume of gas t o  escape following bag de- 
pl oymen t . 
A second modification of the airbag t e s t  s e r i e s  which was i n i t i a l l y  speci- 
f i ed  by the ARL medical monitor specif ied use of a pre- inf la ted  bag. I t s  purpose 
was t o  el iminate any poss ib i l i ty  of bag deployment f a i l u r e  and subsequent injury 
during an airbag t e s t  a t  a level exceeding the injury level f o r  the lap  be1 t alone. 
After the f i r s t  s e r i e s  of runs using the pre- inf la ted  a i rbag,  i t  was seen t h a t  
the pre-inflated bag was too s o f t  and did not provide comparable support f o r  the 
subjec t  as a rapidly in f l a t ing  bag. This resulted in the  development by Eaton, 
Yale and Towne engineers of a "hybrid airbag" consist ing of a pre-inflated bag 
in to  which addit ional  gas was discharged during impact. I t  provided a " s t i f f e r "  
bag response, more c lose ly  duplicat ing the  rapidly in f l a t ing  bag. 
When films of the "hybrid bag" t e s t s  were reviewed, an excessive amount of 
rebound accompanied by hyperextension of the neck was noted and the  medical mon- 
i t o r  decided to  cancel fu r the r  t e s t s  with t h i s  system. 
A t  t h i s  point i t  appeared obvious t h a t  a pre-inflated bag did not simulate 
an actual operational bag. Therefore, the 6571st A R L  made the decision t o  use 
a rapidly in f l a t ing  bag since previous t e s t s  showed l e s s  l ikel ihood of injury in 
the event of bag f a i l u r e  than was o r ig ina l ly  ant ic ipa ted .  
The f i r s t  s e r i e s  of human t e s t s  was conducted a t  a  peak decelerat ion of 9 
g ' s .  The f i v e  runs conducted a t  t h i s  level included two with l ap  b e l t  only re- 
s t r a i n t s  and three  with lap  b e l t  plus pre-i nflated airbag r e s t r a i n t s .  A1  though 
subjec t ive  repor ts  from a l l  r ide r s  indicated t h a t  each system was to le rab le ,  a  
decision was made not t o  proceed t o  higher "g" l eve l s  with the pre-inflated bag 
because i t  was found t o  reac t  too s o f t l y  and poorly simulated a rapidly in f l a t ing  
airbag.  To continue would have produced data of questionable value. 
The t e s t  s e r i e s  was resumed using the "hybrid" airbag a t  the  12 g level s ince 
i t  had already been shown t h a t  9 g ' s  had not reached the tolerance level fo r  the 
lap b e l t  s e r i e s .  Six subjec ts  were impacted a t  approximately 12 g ' s  with each 
r e s t r a i n t ,  lap b e l t  only and lap b e l t  plus "hybrid" airbag.  Subjective reports  
indicated t h a t  each system was to le rab le  a t  t h i s  level and a l l  subjec ts  were wil l ing 
t o  proceed t o  the  15 g l eve l .  Review of t e s t  run films and s e a t  back loadings, 
however, indicated an amount of rebound with the hybrid bag which was considered 
po ten t i a l ly  hazardous with the r i g i d  sea t  used on the t e s t  s led .  Further increases 
in "g" levels  using the hybrid bag were therefore  cancelled by the project  medical 
monitor. 
While the decision of fu r the r  airbag runs was re-evaluated, l ap  b e l t  only 
runs were conducted a t  the  15 g l eve l .  At t h i s  l e v e l ,  more complaints of post- 
run neck and pelvis  pains were being reported by the subjec ts  although none f e l t  
t h a t  they had reached t h e i r  tolerance l i m i t  with t h i s  system. Following analysis  
of impact da ta ,  however, several items were noted by the medical monitor. F i r s t ,  
there  was a marked increase in sever i ty  of post-run neck and hip pain complaints 
and second, the mean lap be1 t load peak had r i sen  from 760 I bs a t  1 2  g ' s  t o  975 
a t  15 g ' s  with one s u b j e c t ' s  b e l t  loading as high as 1163 lbs .  Assuming a l i n e a r  

FIGURE 2 ,  TYPICAL LAP BELT TEST SETUP 
Human Air Bag Configuration 
F i g u r e  3. 

extrapolat ion t o  a 18 g l e v e l ,  i t  was f e l t  t h a t  a  proper safe ty  f ac to r  of b e l t  
s trength to be1 t load could not be maintained. The combination of these two 
items led the medical monitor t o  l i m i t  fu r the r  increases in the  l ap  be l t  only 
t e s t  1 eve1 s .  
The 6571st A R L  then decided t o  proceed with a rapidly in f l a t ing  airbag.  
Six t e s t s  were conducted a t  the 1 2  g level u t i l i z i n g  t h i s  system. 
ANALYSIS METHODS 
A careful and deta i led  photometric analysis  was performed on the high speed 
movie f i lm of the t e s t s  previously described. The basic measuring device used 
in t h i s  work was the Van Guard f i lm analyser model M-160 W (Fig. 4 ) .  Four-place 
accuracy in l inea r  and angular measurements i s  obtainable with t h i s  instrument. 
The l inea r  and angular displacements of the  t a r g e t  points on the head, shoulder, 
hip and thigh were measured frame by frame. The f i lm analyser was coupled to  an 
IBM 29 card punch un i t  a n d  computer cards were automatically punched with the  
displacement data.  Several computer programs have been developed t o  analyze 
photometi-ic data a t  HSRI, including routines t o  compute 1 inear  and  angular ve- 
loc i  t i e s  and accelera t ions  with appropriate smoothing and f i l t e r i n g  operations. 
The d ig i t i zed  displacement data was analyzed using these programs and the 1 inear 
and  angular head t a rge t  ve loc i t i e s  and accelera t ion  computed. 
RESULTS 
The resu l t s  of these analyses a r e  presented in two ways. There are  s e t s  of 
curves showing the time hi s tory  of the  appropriate motion parameter and t a b 1  es 
1 i s t i n g  peak values and s t a t i s t i c a l  data.  
A typical  s e t  of these curves i s  presented in Figures 5 ,  6 ,  7 and 8. Figure 
5 shows the head motion in x a n d  y coordinates r e l a t i v e  t o  a horizontal and ve r t i -  
cal s e t  of axes f ixed in the s l ed .  Figures 6 and 7 show the l i n e a r  veloci ty and 
accelera t ion  of the head r e l a t i v e  t o  a  coordinate system fixed t o  the ea r th .  
Figure 8 gives the angular displacement, veloci ty and accelerat ion of the head 
r e l a t i v e  t o  a  fixed s e t  of axes in the ea r th .  Since the sled does not r o t a t e  
with respect  t o  the e a r t h ,  these a r e  a l so  r e l a t i v e  t o  the s l ed .  Because of 
d i f f i c u l t i e s  in camera coverage and target ing  i t  was not possible t o  measure 
the angular displacement of the head r e l a t i v e  t o  the torso  and t h i s  must be kept 
in mind in in terpre t ing  the  angular head motion curves, 
Appendix 1 contains these curves f o r  the  runs in t h i s  t e s t  s e r i e s .  A problem 
t h a t  occurred with most of the airbag runs, was the  disappearance of the head 
t a r g e t  as  the head moved in to  the bag. This problem was overcome by using the  
back of the head as a t a r g e t ,  by in terpola t ing  the displacement curves through 
those frames where the head was completely obscured and by analyzing the f i lm 
from the diagonal l y  placed camera. 
Table I presents the peak values of the various t e s t  parameters as  measured 
during the t e s t  o r  determined from the  f i lm analys is .  Only three  of the t e s t  
configurations a re  d i r e c t l y  comparable. These a r e  the  12 g (nominal) runs with 
the l ap  b e l t  only, the lap b e l t  plus hybrid airbag and the lap  b e l t  plus rapidly 
i n f l a t i n g  airbag r e s t r a i n t  systems. Table I1 presents a  s t a t i s t i c a l  comparison 
of these three  r e s t r a i n t  systems. In determining a weighted index f o r  the neck 
and pelvis pain observations the value 1 was assigned f o r  "no reported symptom," 
2 f o r  "immediate symptom only,"  3 f o r  "pe r s i s t ing  symptom 24 hours," and 4 f o r  
"pe r s i s t ing  symptom 48 hours." A comparison of the mean values t h a t  takes in to  
account the  number of observations and the standard deviation was made u t i  1 izing 
a paired data " t "  t e s t  a t  the  5% level of s igni f icance .  In view of the limited 
number of t e s t s ,  t h i s  s igni f icance  1 eve1 was considered appropriate.  Thus, the  
column T1 compares the l ap  be1 t only t e s t s  with the other  two t e s t  se r i e s  and the 
T2 column compares the hybrid bag with the rapidly in f l a t ing  bag. A no in e i t h e r  
the T, or  T2  columns indicates t h a t  there was no s ign i f i can t  difference between 
the t e s t  parameter f o r  the two s e r i e s  being compared. A yes indicates tha t  there 
was a  s i g n i f i c a n t  d i f ference  a t  the  5% leve l .  
E R R O R  ESTIMATION 
For several years  HSRI has been developing methods and analyses f o r  photo- 
metric data reduction. Included in t h i s  work has been a  de ta i led  e r ro r  analysis .  
Figure 9 shows a  ca l ib ra t ion  curve tha t  was developed f o r  the HSRI photometric 
measuring system. This curve includes consideration of the  e f f e c t  of measurement 
e r r o r s ,  round-off e r r o r s ,  standard d i f fe ren t i a t ion  routines a n d  smoothing opera- . 
t i ons .  The d iv is ion  or frame per pulse i s  the basic var iable .  From t h i s  number 
and the smoothing routine used, the  e r r o r  in estimating the pulse peak value can 
be estimated. 
SUMMARY 
The analyses described above indica te  t h a t  the lap  b e l t  plus a  rapidly in- 
f l a t i n g  bag performed s ign i f i can t ly  b e t t e r  than the lap b e l t  alone in the following 
ways : 
1. reduced head motion both 1  inear  and angular 
2. reduced 1 i  near head accelera t ion  
3 .  reduced shoulder motion 
4. reduced neck pain 
There were, however, no s ign i f i can t  differences in 
1.  angular accelera t ion  of the head 
2. chest  l i n e a r  accelera t ion  
3. lap  b e l t  load 
4. pelvis  pain 
5. foot pan load 
6. seat back rebound load 
It should be emphasized that the statistical indicators used here imply signifi- 
cance on a necessary basis only not on a "necessary and sufficient" basis. Thus 
if more tests of comparable types are performed it may well happen that some of 
the non-significantly different mean comparisons would move to the significant 
category but it would be highly improbable that significantly different mean 
comparisons would move into the non-significant category. 
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TABLE I I. STATISTICAL COMPARISON OF VARIOUS RESTRAINT SYSTEMS 
\ 
I Lap Be1 t Plus  1 
Parameter 
Pu lse  g ' s  
Lap B e l t  # 
Foot  Pan # 
Seat  Back # 
Chest g ' s  
Head AX i n .  
Head ny i n .  
Head ae degrees 
Head & f t / s e c  
Head A) f t / s e c  
Head A% rad/sec  
Head g  ' s  
Head g ' s  
Head ii r a d i s e c :  
Shou lder  AX i n .  
Shou lder  ny i n .  
Knee A X  i n .  
Knee ay i n .  
Th igh  AX i n .  
Th igh  ny i n .  
Th igh no degrees 
Neck Pa in  
P e l v i s  Pa in  
Mean 
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